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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EYEWEAR DISPLAY -

Part 22-20: Specific measurement methods for AR type —
Image quality

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatign.comprising
all jnational electrotechnical committees (IEC National Committees). The object of IEC is to promote/interngtional
co{operation on all questions concerning standardization in the electrical and electronic fields:-To this epd and
in addition to other activities, IEC publishes International Standards, Technical Specificationsy Technical Rg¢ports,
Puplicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG"\Publication(s)”).| Their
prgparation is entrusted to technical committees; any IEC National Committee interestedrin the subject dealt with
mdy participate in this preparatory work. International, governmental and non-governmental organizations ljaising
with the IEC also participate in this preparation. IEC collaborates closely with the™nternational Organizatjon for
Stdndardization (ISO) in accordance with conditions determined by agreement-bétween the two organizatfons.

2) The formal decisions or agreements of IEC on technical matters express, a$ nearly as possible, an interngtional
comsensus of opinion on the relevant subjects since each technical Committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nptional
Committees in that sense. While all reasonable efforts are made to ensure that the technical content pf IEC
Puplications is accurate, IEC cannot be held responsible for )the way in which they are used or for any
miginterpretation by any end user.

4) In |order to promote international uniformity, IEC Natiohal' Committees undertake to apply IEC Publigations
trapsparently to the maximum extent possible in their national and regional publications. Any divergence bgtween
any IEC Publication and the corresponding national orlregional publication shall be clearly indicated in the|latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
asgessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fpr any
selvices carried out by independent certification bodies.

6) A

7) No| liability shall attach to IEC or its\directors, employees, servants or agents including individual expefts and
members of its technical committées’and IEC National Committees for any personal injury, property damgage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the. pUblication, use of, or reliance upon, this IEC Publication or any oth¢r IEC
Puplications.

llusers should ensure that they have thelatest edition of this publication.

8) Attention is drawn to_the ]Normative references cited in this publication. Use of the referenced publicat|ons is
indispensable for thelcarrect application of this publication.

9) IEC draws attention to the possibility that the implementation of this document may involve the use|of (a)
palent(s). IEC 4akes no position concerning the evidence, validity or applicability of any claimed patent rights in
regpect thereof) As of the date of publication of this document, IEC had not received notice of (a) patent(s)| which
may be reguired to implement this document. However, implementers are cautioned that this may not regresent
thq latest information, which may be obtained from the patent database available at https://patents.iec.gh. IEC
shallhot be held responsible for identifying any or all such patent rights.

IEC 63145-22-20 has been prepared by IEC technical committee 110: Electronic displays. It is
an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

110/1580/FDIS 110/1599/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 63145 series, published under the general title Eyewear display,
can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e rgconfirmed,
e wijthdrawn, or

e rdvised.

IMPDRTANT — The "colour inside" logo on the cover page of this document indicates
that|it contains colours which are considered to be useful for the correct understanding
of ifs contents. Users should therefore print this document.using a colour printer.
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EYEWEAR DISPLAY -

Part 22-20: Specific measurement methods for AR type —
Image quality

2024

1 Scope

This part of IEC 63145 specifies the standard measuring conditions and measurement methods
for dptermining the image quality of augmented reality (AR) type eyewear displays.| This
docuiment applies to see-through type (AR glasses) eyewear displays using virtual image optics.
See-fhrough type displays (VR glasses), contact lens-type displays, and retina direct projgction
displays are out of the scope of this document.

2 Normative references

The fpllowing documents are referred to in the text in such a way’that some or all of their cgntent
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (includingl any
amendments) applies.

IEC §3145-1-2, Eyewear display — Part 1-2: Generi¢:— Terminology

IEC §3145-20-10:2019, Eyewear display — Part 20-10: Fundamental measurements — Optical
proparties

IEC §3145-20-20:2019, Eyewear display— Part 20-20: Fundamental measurements — Image
quality

ISO 9241-302, Ergonomics of human-system interaction — Part 302: Terminology for elecfronic
visual displays

ISO/CIE 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers

ISO/CIE 11664<5; Colorimetry — Part 5: CIE 1976 L*u*v* colour space and u', v' uriform
chromaticity~scale diagram

CIE 0152018, Colorimetry

3 Terms, definitions, abbreviated terms and letter symbols

3.1

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 63145-1-2,
IEC 63145-20-10, IEC 63145-20-20 and ISO 9241-302 apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
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NOTE 1 Terms related to eyewear displays will be defined in specific projects.

NOTE 2 Additional terms can be found in IEC TR 63145-1-1 [1]1.

3.2 Abbreviated terms

2D two-dimensional
AR augmented reality
CIE Commission Internationale de I’Eclairage (International Commission on lllumination)

CPD cycles per degree
DUT device under test

FOV field of view
LMD light measuring device
ppd pixel per degree
3.3 | Letter symbols (quantity symbols or unit symbols)
The letter symbols for eyewear display are shown in Table 1.
Table 1 — Letter symbols (quantity symbols or-unit symbols)
Definition Symbol
Meaduring point of virtual image P
(i = 4 at the centre) !
Meaduring point of real scene target B
(i = q at the centre) i
Lgmnance of a position (x, y, z) in a direction (a, ¥) on the eyewear L(x, 7,2, ) (cd|m2)
display
Spectral radiance of the virtual image at P. point under ambient ,
) P ) g iP Lpmp (45 1) (Wsr'm2pm™)
illumination
Spectral radiance of the virtual image at P(point under dark .
P g O Lp(2, i) (Wsr'm2gm™)
background
Average luminance (spatial) Ly, (cd|m=2)
CIE 1931 chromaticity coordinates at P, Xp ¥,
Chromaticity gamut area Ay
CIE 1976 chromaticity, coordinates at P, u'y v’
Chromaticity dewviation Auv’
Lumipance.fatio Cyp
Ambient€ontrast ratio CR,
Spectral transmittance of the DUT at P, point T(4, i)
Spectral radiance of the illumination background Lg(4) (Wsr'm=2nm™)
CIE standard spectral luminous efficiency for photopic vision V(1)
Wavelength interval AL (nm)

T Numbers in square brackets refer to the Bibliography.
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4 Standard measuring conditions

4.1 Standard environment conditions

Unless otherwise specified, all tests and measurements for eyewear displays shall be carried
out after sufficient warm-up time for illumination sources and the DUT (see 4.3), under the
following standard environmental conditions:

e temperature: 22°C to 28°C,
e relative humidity: 25 % to 85 %,
(] GtIIIUOPhUI;\J pICOOUIC. SC kpa tU 4IGG :\PG.

When different environmental conditions are used, they shall be reported in detail ip the
specification.

4.2 | Power supply

In order to stabilize the performance of the DUT, the power supply for driving the DUT shall be
adjusfted in accordance with the specification of the DUT.

4.3 | Warm-up time

The dptical performances of the DUT are affected by the transient temperature behaviour of the
devick. It takes a certain time for the DUT and LMD until their performances reach the steady-
state] All measuring conditions shall be kept constant during the measurements. |f the
luminance output is not within a +3 % variation, it shall be reported.

4.4 Dark room condition

The Ibminance contribution from the background of the test room reflected off the measurgment
spac¢ shall be less than 1/20 of the minimum luminance output from the DUT. If this condition
is nof satisfied, then background luminance can be subtracted, and it shall be reported.

5 NMeasurement systems

5.1 | Standard coordinate system

A spherical coordinate~system (a and ¥ angles) shall be used in the measurements, as shown
in Figure 1. The polar-axis is vertically oriented. The angles measured in the vertical half-pJanes
of dé]:a are elevation angles, denoted as «, and the horizontal angles to the half-plang are
azimyith angles, denoted as ¥. A geographic coordinate chart can be used to expresg the
sphetfical ceordinates of the virtual image produced by the DUT. Refer to IEC 63145-20-10{2019,
Clausge 5,

The origin direction (« = 0, ¥ = 0) of the spherical coordinate system is coincident with the
optical axis of the DUT. When performing measurements simulating eye rotation, the centre of
the spherical coordinate system should be 10 mm behind the LMD entrance pupil.

To indicate the positional relationship between the designed eye point of the DUT and the
entrance pupil of the human eye or LMD, a Cartesian coordinates system (x, y, z) is used, as
shown in Figure 2.

The origin of the Cartesian coordinates system should be located at the centre of the entrance
pupil of the eye, which is matched with the eye point of the DUT. The manufacturer or supplier
should provide the eye point position.
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Elevation («)

Azimuth (w)(C | [ o O\

IEC
Figure 1 — Spherical coordinate system
Eyewear display y

(DUT) y
Entrance
m N pupil

o _—

N

Eye point

IEC

NOTE| The drawing shows an example of adjusting thi€ ‘eye pupil to the eye point, which is the origin position.

Figure 2 — Three-dimensional Cartesian coordinate system

5.2 | Measurement equipment
5.2.1 General

The donfigurations and operating conditions of the equipment should comply with the strudtures
speci|fied in each item~To ensure repeatable measurements, the requirements shall comply
with [EC 63145-20-10,Otherwise, the differences shall be noted in the report.

5.2.2 Light measuring device (LMD)

The LMDs ‘shall refer to the requirements in IEC 63145-20-10 unless otherwise specified in
each fitem;

5.2.3 Stage conditions
5.2.3.1 General

The stage shall be used to realize the coordinate system specified in 5.1. The stage shall be
constructed with the equivalent of a biaxial goniometer and an orthogonal three-axis translation
stage.
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5.2.3.2 Goniometer

Refer IEC 63145-20-10:2019, 5.2.2.2.

A biaxial goniometer shall be assembled to be capable of measuring azimuth (horizontal) and
elevation (vertical) angles in the spherical coordinate system as in Figure 1. Examples of the
five-axis stage are shown in IEC 63145-20-10:2019, Figure 4. The angular accuracy should be
no less than 0,1°. The goniometer can be pivoted at the centre of the entrance pupil of the LMD,
or 10 mm behind the entrance pupil, or both, to simulate eye rotation.

5.2.3.3 Translation stage

Refer to IEC 63145-20-10:2019, 5.2.2.3.

An orthogonal three-axis translation stage assembles with an adequate range~to” covgr the
meaguring distance such as the eye-box volume, and if necessary to cover the interpupillary
distanpce for binocular DUTSs, as in the example shown in IEC 63145-20-10:2019, Figure 4. The
trans|ation accuracy should be no less than 0,05 mm.

5.2.4 Setup conditions
Referl to IEC 63145-20-10:2019. 5.2.3.

The DUT shall be mounted on a stable platform to ensuré’image stability. The LMD pogition
relatiye to the DUT shall be moved by using a five-axis-system (a biaxial goniometer and three-
axis prthogonally translation stage). The LMD installed on the biaxial goniometer, as ip the
example in IEC 63145-20-10:2019, Figure 4 a), shall be consistently pivoted around its|pupil
centrg (eye point) or about the centre of the eyeballrotation for each set of measurementg. The
optical axis of the DUT, which is decided by a@anufacturer or a supplier, shall be adjus{ed to
the optical axis of the LMD and shall be aligned with the z-axis of the orthogonal threg-axis
trans|ation stage. The aspect of the virtuakimage of the DUT shall be adjusted to the x- gnd y-
axes |of the orthogonal three-axis translation stage.

For the measuring condition from . an“anterior view, when the DUT does not suppose the change
of gare angle (eye rotation), thelorigin of a biaxial goniometer shall be assumed as the entfance
pupil jof the eye (i.e. eye point of the DUT), not the rotation centre of the eyeball (eye movement).
When the origin of the (biaxial goniometer does not match the eye point, the coordinate
correction shall be reqguired, and it shall be reported. When the DUT supposes the chanjge of
the g@ze angle, detaitled/information such as the position of the rotation centre shall be spefified
by thé manufacturer or the supplier and reported.

For the measurement of a see-through real scene, the real scene pattern target shall be set at
a disfance-'specified by the manufacturer or supplier, and the optical axis of the LMD shall be
adjusited,to’be consistent with the normal line of the pattern target. The DUT installed on the
biaxigl*goniometer as in the example in IEC 63145-20-10:2019, Figure 4 b), can be piyoted
around its eye point (pupil rotation) or about the centre of the eye.

6 Background and see-through real scene conditions

6.1 General

The virtual image quality of AR type eyewear displays will be significantly affected by the
background and see-through real scene conditions. The test background and see-through real
scene shall comply with the specified luminance level and illuminant conditions in each item,
as well as the distance, which are provided by the manufacturer or the supplier.
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6.2 Ambient background

Ambient background is a background condition to test the characteristics of the DUT under
ambient illumination conditions. Figure 3 is an example of the ambient background setup.
Uniform spherical illumination using a hemisphere, or a full integrating sphere with a stable light
source, is used to generate the full-field background illumination. The solid angle of the full field
shall be no less than the see-through FOV of the DUT. The luminance variation within the full
field should be less than 2 % as measured by tilting the LMD over the full field. If this is not
achieved, the background luminance should be corrected in the measurement at each direction,
and the correction method and corrected variation value should be reported.

)

/
/ \ LMD

Hemisphere/ —

o\

Light squrce IEC

Figure 3 — Example of the ambient background

The relative spectral distribution of the light sour¢ce shall comply with CIE illuminants, sugh as
CIE [lluminant A, D50, or D65 as in CIE» 015, and be reported. However, when a
specfroradiometer is applied, the source can'be a continuous smooth spectral power distrifution
of at least 380 nm to 780 nm, and the results can be obtained by calculating with the abovge CIE
illuminants. The background luminanceand its applied illuminant shall be specified by the
manyfacturer or the supplier. Some~example cases of background luminance include ipdoor
lighting (30 cd m=2 to 500 cd m~2), outdoor sunlight (2 000 cd m~2 for overcast sky| and
15 040 cd m~2 for clear sky),-blit the application cases are flexible, and not specified ip this
document. The light from the.surrounding scene consists of different components in actugl use
cases. In this document, ambient illumination with a diffuse profile is considered [2] to [4]|

6.3 | Raster pattern)(or grille pattern) targets

The naster pattérn targets are used to determine the Michelson contrast of the real scene for
AR type eyewear displays at a direction (a, ¥) in front of the viewer. The pattern can be
implementéd by setting a horizontal (or vertical, or both) raster pattern plate in front of the light
outpyt port/of a uniform source, such as an integrating sphere or hemisphere or generatged by
a non-transparent display. The raster pattern plate can be composed of black (non-transparent)
and transparent stripes with the same width, and the angular frequency (fopp) can be calculated

from the black and white line-pairs of the raster pattern at a given distance which should be far
enough from the DUT (e.g., more than 20 times of the measured pattern dimension) as shown
in the example in Figure 4. The angular resolution shall be specified by the manufacturer or the
supplier, for example of 60 cycles per degree, 30 cycles per degree, 15 cycles per degree, and
10 cycles per degree at the viewing location (eye point). The relative spectral distribution and
luminance of the light output port shall be specified by the manufacturer or the supplier or as in
6.2.
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Measuring direction (a, v)

Optical axis of DUT

Raster pattern plate

NOTE

analysjs.

6.4

The ¢
throu
align
(cros
by se

in thg example in Figure 5.

NOTE
comm
width i

NOTE

Uniform source (integrating sphere)
IEC

Figure 4 — Example of the setting for a raster pattern target

Display pixelation can cause non-uniformities within the grille. These variations will be smoothed ouf

Crosshair pattern target

rosshair pattern target shall be used to test the geometric-distortions of the real {

with the real scene point at a direction (a, ¥). The pattérn is composed of a bright cros
5) sign with a width provided by the manufacturer-ot the supplier, which can be ach
tting a transparent cross plate in front of the light output port of a uniform source, as s

1 Crosshair pattern target is a transparent cross'Sign on a black plate target (made of metal or glass
nly used in orientation and target alignment. Its_width is considered relative to the test distance, and
s at a given distance, which is close to the minimum resolvable line width of the virtual image.

2 In some cases, a crosshatch pattern-with a width given by the manufacturer or the supplier can be a

Measuring direction (a, v)

Optical axis of DUT

LMD

DUT

Crosshair pattern plate

in the

cene

gh AR type eyewear displays as well as the positioning ‘accuracy of the virtual image to

shair
eved
hown

). Itis
ts line

bplied.

Uniform source (integrating sphere)

IEC

Figure 5 — Example of the setting for a crosshair pattern target
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7 Test patterns of the virtual image

7.1 General

The following test patterns shall be specified by the manufacturer or the supplier, and the
applied test pattern shall be noted in the report. When other test patterns are applied, they shall
be noted in the report.

NOTE Unlike a flat panel display with clearly visible edges display, the boundary of the display area is not clear,
and the choice of test pattern can affect the measurement results.

7.2 Checkerboardpattern
Referl to IEC 63145-20-10:2019, 5.3.2.

7.3 | Solid colour patterns

Refern to IEC 63145-20-10:2019, 5.3.3.

7.4 | Raster patterns

Refern to IEC 63145-20-20:2019, 5.3.4.

7.5 | Measuring points

Refern to IEC 63145-20-20:2019, 5.4.

8 NMNleasurement methods

8.1 Preparation

AR type eyewear displays to be megasured (DUT) shall be placed in the measurgment
arrangement specified in Clause 52 The eye point of the DUT shall be specified by the
manufacturer or supplier (see IEC(63145-20-10:2019, Annex B). The eye point and the entfance
pupil jof the LMD shall match thé-origin position (x =0,y=0,z=0,a =0, ¥ =0).

The DUT adjustable conditions which are related to optical properties shall be specified ly the
manyfacturer or supplier. Some DUTs use image processing, and if a setting for the image
procgssing is adjustable, the default setting specified by the manufacturer or supplier shall be
applied and reported.

The g@ntrance\pupil of the LMD shall be centred to be consistent with the designed eye pdint of
the DUT at the origin position (x = 0, y = 0, z = 0). An alignment pattern with a crosshair at the
centrg. position can be used for adjustment of the origin (a = 0, ¥ = 0) of the LMD.

NOTE 1 In case the pivoting point of the LMD is 10 mm behind the entrance pupil, this pivoting point can be used,
instead of the entrance pupil, to match the origin position of the measurement.

For the measurement of virtual images, a raster pattern target, specified in 7.4 with a high
resolution can be provided by the manufacturer or supplier, and can be applied to adjust the
virtual image focus.

For the measurement of real scenes, a raster pattern target as specified in 6.3 with a high
angular resolution which depends on the distance of the pattern target and provided by the
manufacturer or supplier, can be applied to the adjustment of the real scene focus.

The optical quantities of the LMD, such as luminance and spectral radiance, shall be calibrated
against traceable standards under the same conditions (for example entrance pupil size and
measurement field angle, and focus distance in some structures).
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The optical quantities at different measuring points (directions) shall be measured at the steady-

state

after the required time specified in 4.3.

NOTE 2 Some eyewear displays have eye-tracking capabilities for optimizing the image. The gaze direction of the
LMD will agree with the gaze direction as detected by the DUT for a true eye, if applicable.

8.2

8.2.1

Luminous transmittance and spectral transmittance with an ambient diffuse
illumination

General

The purpose of this method is to measure the spectral transmittance of an AR type eyewear

displdy in given directions, to determine the virtual image quality under the ambient, d

illumi

8.2.2

a) S
D

b)

Li

5
c) T
d) M
in

p

c) T
(I

reg

d) R
ill

pupil of the LMD with the DUT’s eye point and the optical axis betwe€n the LMD and

ight measuring devices (LMDs): a spectral radiance meter shallhbe applied as specif
j2.2.

easuring points: the points (directions) to be measured.on the virtual image as spe

patterns, to measure the spectral radiance at point P, Layp k(4 1) and Lapp w

hation conditions, and the see-through real scene quality.

Measuring conditions

btup: an ambient background shall be applied as specified in 6.2. Theptical axis
UT is set at the normal of the output port. The LMD shall be installed to match the ent

pst patterns: the full screen solid colour patterns as specified in 7.3 shall be applied

IEC 61345-20-20:2019, 5.4, or the specified pointg’(difections) on the real scene in
pint to be measured. The LMD is adjusted to focus 'on the measuring points.

Measuring procedures

pectral transmittance of the DUT at themeasuring point, such as the measuring po
to 8) of the virtual image specified in [EC 63145-20-20:2019, 5.4, shall be measur

s:
ne LMD is focused on the measuring point.

a dark background, the DUT is applied with the full screen patterns, such as blac
hite patterns, then the spectral radiance of the virtual image at point P,, LD7K(/1, i

b w(4 i), is measured,-respectively.

irn on the illuminating source of the integrating sphere until it is stable in the light g
iminance varigtion less than 1 %). Apply full screen patterns, such as black and

spectively/for the combination of the virtual image and the background illumination

emove-the DUT, and then measure the spectral radiance of the output port g
Luminating sphere, Ly(4, i).

ffuse

bf the
ance
DUT.

ed in

cified
each

int P,
ed as

and
and

utput
white
A, ),

f the

e) F

br a2 binocular AR fypn eyewear Hieplqy, rnpan anpc 9) to r~) to determine the Sp

ectral

transmittance of another ocular, if applicable.

8.24

Calculation

The spectral transmittance at the point P, (i = 0 to 8) can be calculated as follows.

An example of the DUT with the white pattern is as follows:

L Ad)— A
Ty (i) = ZAmBW (Lol()/1 il;D,w( i)

(1)
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where
Ty(4, 1)

Lampb,w(4 1)
Low(h 1)

Lo(4, i)

is the spectral transmittance at point P; (i = 0 to 8) for the DUT with the white
pattern;

is the spectral radiance at point P; (i = 0 to 8) under the diffuse illumination for the
DUT with the white pattern;

is the spectral radiance at point P, (i = 0 to 8) under the dark background for the
DUT with the white pattern;

is the spectral radiance of the output port of the illuminating sphere.

The IlJmmous transmittance, Ty (i) (i = 0 to 8), of the DUT under the diffuse illumination chn be

calcu

wherg

S(4) is the relative spectral radiance of the diffuse illumination (see 6.2);

ated as follows:

780
> S(A)Tyy (A, (A)AL
Ty (i) = 282

780 (2)
> S(AW ()AL

380

V(2) | is the CIE standard spectral luminous efficiency function for photopic yision

An example of the DUT with the black pattern.issas follows:

wherg
Tk(4, [i)

Lamp k(4 1)

Lok i)

(see ISO/CIE 23539 [8]);
AL is the spectral interval of the calculation.

2 Ad)— A
T (i) Amb,K(LO()/1 ;’D,K( )

3)

is the spectral transmittance at point P; (i = 0 to 8) for the DUT with the [plack
pattern;

is the.spectral radiance at point P; (i = 0 to 8) under the illumination for theg DUT
withithe black pattern;

is' the spectral radiance at point P; (i = 0 to 8) under the dark background for the
DUT with the black pattern.

The Iuminous transmittance, T (i) (i = 0 to 8), of the DUT under the diffuse illumination can be

calculated as follows:

780
Z ST (A,1)V (L)AL
Tic(?) = 380780 (4)

> S (L)AL
380

NOTE In many cases, the DUT has substantially the same spectral transmittance, which is independent of the
displaying patterns. The measurement can be simplified to display the off-state only.
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8.2.5 Report

The following items shall be reported:

2024

— diffuse illumination background: luminance level and relative spectral distribution (type of
the illuminant);

— measurement locations (directions) and focusing distance of the LMD;

— light output non-uniformity of the integrating sphere;

— luminous transmittance and spectral transmittance of the DUT applied with the white pattern
at each point;

— lu

— e‘
— type of LMD and the entrance pupil size;

— correction methods for the measurement, if necessary, for example, the lcorrection ¢
luminance non-uniformity or the angle shall be applied.

8.3
8.3.1
8.3.1

The purpose of this method is to determine the ambient,contrast ratio at the centre, side
corngrs of the virtual image for an AR type eyewear display by using the checkerboard patf

unde
by th

The gpectral transmittance T\y(4, i) of the white blocks and T(4, i) of the black blocks at
P; (i ¥ 0 to 8)\for the DUT with checkerboard patterns can be obtained as in 8.2.

In thg dark-background, apply 5 x 5 checkerboard patterns as shown in IEC 61345-20-10:

5.3.2

1
T
b) Test patterns: the checkerboard patterns with centre white and centre black shall be ap
M
a

e point (eye relief) and the position of the z-axis;

Parameters related to virtual images
Ambient contrast ratio

1 General

an ambient illumination background. The ambient illumination conditions can be pro

2 Measuring conditions
he setup and light measuring devices (LMDs) shall be applied as in 8.2.2.

d V represent the horizontal and vertical angles of the FOV for the virtual image.

3 Procedures

minous transmittance and spectral transmittance of the DUT applied with the black pattern
af each point;

f the

5 and
terns
vided

e manufacturer or the supplier. If the eyewear’display has ambient detection capability for
adjusting the luminance level of the virtual image, the ambient detection should be s
acconldance with the product specification.

et in

blied.

asurement locations: nine points as shown in IEC 61345-20-10:2019, 5.4, are applied. H

point

019,

wifh centre white and centre black respectively to measure the spectral radiance

pf the

virtual image at point P; (i = 0 to 8), Lp (4, i) and Lp (4, 7).

8.3.1

4 Calculation

a) Ambient luminance level Ly and relative spectral distribution S(1) of the illumination
background defined in 6.2, shall be specified by the manufacturer or supplier.
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b) Ambient contrast ratio of the DUT at point P, (i = 0 to 8) can be calculated as follows:

~_ Lamow (1)
CRy (i) = AW (6)
Lamby (1)

where

Lamp k(i) is the luminance at point P; (i = 0 to 8) under the illumination for the DUT with
the black block; it is the total luminance measured from the LMD (both the virtual
image and ambient background illumination);

Lpmp,w(i) is the luminance at point P; (i = 0 to 8) under the illumination for the DUT with
the white block; it is the total luminance measured from the LMD (both-the Virtual
image and ambient background illumination).

780
Lpmbw (i) =683 (Lp w (o) + Ty (i) Lg (1)) V (1) AL (6)
380

where

Tjy(4, i) is the spectral transmittance of the white block;

Lp w(4, i) is the spectral radiance at point P; (i = 0 to 8).under the dark background for the
DUT with the white block;

L(2) is the spectral radiance of the specified'standard illumination background, given
in Formula (7).

L-S(A
Ls(i) = . ( )
780 (7)
683" S(2)V (1) A
380
where
L is the ambientluminance of the illumination background (see 6.2).
780
Eambyk (1) = 683 Y (Lp k (4i) + T (i) L ()} V ()% (8)
380

where

Tk(, ) is the spectral transmittance of the black block;

L %%, i) is the spectral radiance at point P; (i = 0 to 8) under the dark background for the
DUT with the black block.

Finally, the averaged ambient contrast ratio, CRp 4, is given as:

1 8
CRpay = 2, CRa) (9)
i=0
NOTE LAmb,W(i) and LAmb,K(i) can be measured directly instead of measuring LD’W(L i), LD’K(A, i), Ty (4, i) and

T(4, i), when the specified standard illumination background is applied in the measurement.
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8.3.1.5 Report

The following items shall be reported:

8.3.2
8.3.2
The {

area
an aty

ambient illuminating conditions: the luminance level and relative spectral distribution;

ambient contrast ratio of the DUT at each point;

ambient contrast ratio at the centre, and averaged ambient contrast ratio;

te

st patterns;

eye point (eye relief), and the position of the z-axis;

2024

ty
cq

e of |l MD and the aperture size-

rrection methods for the measurement, if necessary.
Ambient chromaticity and chromaticity gamut area
1 General

urpose of this method is to determine the ambient chromaticity and’chromaticity d
Df the virtual image of an AR type eyewear display at the centre, sides, and corners
nhbient illumination background. The ambient illumination conditions can be providé

the mpanufacturer or the supplier. For the case when the eyewear display has the anmi

deted
shoul

8.3.2

a)
b)

8.3.2

a)

b)

c)

d)

8.3.2

a)

b)

T
T

A
C(

T
th

In
bl

t
R

o

A

tion capability for adjusting the luminance level of the virtdalimage, the ambient detd
d be set in accordance with the product specification.

2 Measuring conditions
ne setup and light measuring devices (LMDs) shall be applied as in 8.2.2.

pst patterns: the full screen solid colour patterns as shown in 7.3.

3 Procedures

ign the LMD at the centre of the measurement area P, (i = 0 to 8) for the centre, side
rners of the virtual image, as in the measuring points specified in 7.5.

ne spectral transmittance at the‘ measurement area P, (i = 0 to 8) for the DUT appliec

the dark background, apply the full screen solid colour patterns, such as red, gree
ue, respectively,(toymeasure the spectral radiance of the virtual image at the area P;

8), Lr(4, i), Lgt4 i) and Lg(4, 7).
cpeat theimeasurements for the other measuring points.

4 Calculation

mbient illuminating conditions, such as the luminance level Ly and relative sp

amut
inder
ed by
bient
ction

5 and

| with

e full screen solid colour:patterns, such as red (R), green (G) and blue (B), respectively,
can be obtained as in 8.2, with Tr(4,i), Tg(4,i) and Tg(4 ,i).

h and
(i=0

bctral

di

strioution 3(4) ot the Mmumination backgrouna sSnall be Specitied DY the manuracturer

r the

supplier. If not, then 150 cd m-2 and CIE llluminant A (2 856 K) for indoor applications, and
1 500 cd m2 and CIE llluminant D65 (6 500 K) for outdoor applications can be applied.

The chromaticity coordinates, xq(i), yq(i) and zq(i) (1 - xq(i) - yq(i)) of the virtual image at
the area P, (i = 0 to 8) for a solid colour pattern “Q” (red, green, and blue) under the ambient

uminating conditions can be calculated as follows:

N Xq(i)
xq(i)= Xq(i)+ Yo (i) + Zo (i)
vl = ————al)

(10)
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780
Xq(i) =683 > (Lo (4i)+ T (i) Lg(4)) - x(2)- AL
380
780 _
Yq(i) =683 Y (Lq(4i)+ Tq(4i)- Ls(4))- »(4)- Ad
380
780 —_
Zq(i)=683- > (Lq(Ahi)+ Tq(Ai)- Ls(4))- z(A)- Ad
380

=

c) T

c

W
XH
Xq

XH

the subscripts:R, G and B are the red, green and blue primaries, respectively.

here

(1), Y(1), Z(A) are the CIE colour-matching functions adapted by the CIE in1931
ISO/CIE 11664-1).

addition,
LgS(4)
683> S(A)V (1) A
380
ne chromaticity gamut area of the virtual image af the area P; (i = 0 to 8) for a solid g
ttern “Q” (red, green, and blue) under the “ambient illuminating conditions c4
Iculated from the CIE 1931 chromaticity coordinates xq(i), yq(i) as follows:
4, (i) = 149’6|(XR(i)_xB(i))(J’G(i)_J’B(i))_(xG(i)_xB(i))(J’R(i)_J’B(i))|
here

(7), yr(?) are the chromaticity coordinates for the red pattern at the area P;;
(1), yg(i) are the ‘chromaticity coordinates for the green pattern at the area P;;

(7)., yg(i) are~the chromaticity coordinates for the blue pattern at the area P;

d) REpeat the calculation of the chromaticity coordinates and chromaticity gamut area for
ambient:background illuminating conditions, respectively, if appropriate.
8.3.2|5 Report

The following items should be reported:

— ambient illuminating conditions: the luminance level and relative spectral distribution;

- m

easurement positions;

— test patterns;

(11)

(see

(12)

olour
n be

(13)

other

— CIE 1931 chromaticity coordinates at the centre, sides and corners under the ambient

uminating conditions;

— chromaticity gamut area at the centre under the ambient illuminating conditions;

— eye point (eye relief) and the position of the z-axis;

— type of LMD and the aperture size;

— the correction methods for the measurement, if possible.
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8.3.3 Static image resolution
8.3.3.1 General

The purpose of this method is to measure the image resolution of the AR type eyewear displays
at a given point (direction) by applying static raster patterns. The static image resolution
quantifies how close lines in an angular subtense can be to each other and still be visibly
resolved in accordance with a luminance modulation threshold which is provided by the
manufacturer or supplier. The unit is in cycles (line-pairs) per degree (CPD).

8.3.3.2 Measuring conditions

The fpllowing measuring conditions apply.

a) Setup: as in 6.2. The optical axis of the DUT shall be set at the normal of thetoutput| port.
The LMD shall be installed to match the DUT, including the entrance pupil of the LMD with
thhe DUT’s eye point and the optical axis between the LMD and DUT. The subtending angle
o:] the light output port of the sphere to the entrance pupil of the LMD should be largerf than
thle test FOV of the DUT.

b) Test patterns: raster pattern targets are applied as in 7.4, where the’width of the whitg and
black lines is n (for example, n is from 1 to 5) pixels wide of the;DUT.

c) Light measuring devices (LMDs): a 2D imaging luminance meter can be applied to measure
thie luminance profile. The measurement direction of the bLIMP shall be perpendicular {o the
parallel lines being measured.

1) For a spot luminance meter or spectral radiance meter, the number of sampling points
crossing each white or black line of the pattern shall be no fewer than 5.

2] For a 2D imaging luminance meter, the pixel’number of the detector shall be enough. It
is recommended that at least 5 detector pixels fill each white or black line at the crgssed
direction.

d) Measuring points: the point positions P;, can be at the centre (m = 0), the sides (m =56, 7,
8] and the corners (m =1, 2, 3, 4) as‘shown in IEC 63145-20-10:2019, Figure 6, depehding

on the product specification.
8.3.3|3 Measurement method

a) Apply the vertical line patterns with the same width (n pixels, for example, n is from 1[to 5)
of the white and black.lines at the measuring point P, (m = 0 to 8).

b) Measure the luminance profiles of the vertical lines as a function of the horizontal posjtion.
The sampling direction of the LMD shall be perpendicular to the vertical lines, to detefmine
the black lineluminance, Ly(n), and white line luminance, Ly(n).

c) Rppeat the-measurement at least three times, and then calculate their average.
d) REpeatia) to c) for the horizontal lines.

8.3.3.4— Caiculation

a) For the horizontal lines or vertical lines, respectively, calculate the luminance modulation
C(n) at the measuring point P,, for each pattern with » pixels (for example, » is from 1 to

5) as follows:

_ Ly (n)— Lg(n)

Cn(1) = )+ L)

(14)
where

C(n) s the luminance modulation at the measuring point P, for each pattern with = pixels;
L,(n) is the average luminance of all centres of white lines (n = 1 to 5);

L (n) is the average luminance of all centres of black lines (n = 1 to 5).

b) Calculate the effective raster line width
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The effective raster line width n, (pixels) is estimated by linear interpolation to be equal to
the luminance modulation threshold Cx.

Cr —C,(n
ne =n+ T m( ) (15)
C(n+1)+ Cp(n)
where
C is the luminance modulation threshold for Fm(n\ < (Cr< (‘m(n +1)

c) The luminance modulation threshold Ct can be specified by the manufactureror the
supplier, depending on the applications. An example for n, calculation is (previded in

Figure 6, where the measured luminance modulation varies with the line width n (pjxels)
from pixel 1 to pixel 5.

NOTE| The indicated interpolated value n, = 1 176 is a theoretical value only that cannot be ‘realized with a display
generdlly unless a special subpixel layout and subpixel rending is applied.

100
90— pa—
80
70 \\
60 A

50 N\
40 AN

0 N, = 1,176

20 N\

10
0

Luminance modulation C,(n) (%)

5 4 3 2 1

Line width n (pixels) Ec

Figure 6 — Variation of Michelson contrast (i.e. luminance modulation) with line width

d) Chplculate the static image resolution (SIR), Pgr (in the number of resolvable line-paifs per
degree), for the horizontal (lines) or vertical (lines) direction as follows:

PR = (16)

2xn,

where

Dp is the pixel angular density (pixel per degree) in the horizontal or vertical direction, as
specified in IEC 63145-20-10.

e) Repeat the calculation of the luminance modulation at other measuring points, and then
determine the static image resolution, Pgr values at those positions for both horizontal

(lines) and vertical (lines) directions.
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8.3.3.5 Report

The following information shall be noted in the report:

— measuring points positions;

2024

— pixel number of the width of the white and black lines for both horizontal or vertical lines;

— applied luminance modulation threshold (Ct);

— pixel angular density (pixel per degree) in the horizontal or vertical direction;

— st

8.3.4
8.3.4

The
refled

optical lenses, prisms. A secondary image refers to a spurious or ghost image, in addit

the b
such
8.3.4

NOTE

NOTE
In this

8.3.4
The f]

a) S

b) T
af

NOTE
imagin

c) Li

suipplier).

atic image resolution in both horizontal and vertical directions.
Secondary image effect
1 General

burpose of this method is to measure secondary images originating from unds
tions, or transmissions of optical surfaces within the AR type eyewear displays, su

right primary image. The measurement should be made with the DUD luminance ad]
that the secondary images can be seen against a dark ambient\background. Subc

1 Additional images can also affect the image quality.

2 The AR type eyewear display can contain multiple reflection, or transmission superimposed ghost in
document, only the secondary image which is the brightestyof/these ghost images is considered.

2 Measuring conditions
pllowing measuring conditions apply:

btup: as specified in 5.2.

bst pattern: a white crosshair pattern with black background is applied. The crosshair
e n pixels wide and m pixelsilong (n and m are specified by the manufacturer an

n pixels are used for better.averaging of the luminance and determination of the crosshair position
g luminance meter.

ght measuring devices (LMDs): a 2D imaging luminance meter can be applied to me

t

should have at'least 5 times the line width pixels of the test pattern.

d) Measuring-points: it should be specified by the manufacturer or supplier, or specified
example of’9 points as shown in Figure 7. H and V represent the horizontal and vs
angles of the FOV for the virtual image.

e) Backdround condition: a dark room.

e luminance profiles for both secondary image and primary image. The LMD def

sired
ch as
on to
usted
ause

only measures the secondary image. The measurement method is applicable when the
secomdary image is visible.

hages.

lines
d the

by 2D

asure
ector

Bs an
rtical
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NOTE| Crosshair pattern is used to determine the relative intensity and thé Je€ation of the secondary image.

8.3.4|3 Measuring procedures

- 2 . o
A!I’
A P, Ps P A
%, © & i
s =l Q" & -
: 1
2, P Py
& 5
- L
g _;H/10 -
L (a) - i .

IEC

Figure 7 — Example of a secondary image

Use A pixels (n specified by the manufacturer and'the supplier) for averaging the luminance and

determination of the position by 2D luminance meter.

a)
b)

c)

d)

8.3.4{4 Calculation

a)

b)

c)

Apply a crosshair pattern at the pointP; (i = 0 to 8).
Align the LMD with the direction at the point P, (i = 0 to 8).

The LMD focus is adjusted tofocus on the primary crosshair image, to capture the luminance
image of the primary crosshair and the secondary crosshair at the point P; (i = 0 to 8)

Repeat the measurements for other points P, (i = 0 to 8).

Chlculate thespeak luminance Lpr(a, i) (i = 0 to 8) of the primary image, and the |peak
luminance~Lg.(a, i) (i = 0 to 8) of the secondary image by means of averaging|pixel
luminaneein the azimuth, as shown in Figure 7.

Calculate the peak luminance Lpr(‘P i) (i = 0 to 8) of the primary image, and the|peak

|. nnnnnn 4 (ur  CN\ (2 — N 4~ O\ ~Ff thhn oA~ Aoy traana Ky ana ~Af oviaracie oy i |
umahee Tge\1, t) \¢ U tO— O O e St COoOmtary —miragtc uy eanRs—ot GVUIGHIIIH p|Xe

luminance in the elevation, as shown in Figure 7.

The luminance ratio, LR(i), of the secondary image at the point P; (i = 0 to 8) is calculated
as follows.

Leg(a,i) + Lee (P,1)

LR(i) = : .
Ly (a,i) + Ly (¥,1)

(17)

where
Lpr(a, i), Lpr(af’, i) are the peak luminance of the primary image in the azimuth and elevation
respectively;

Leo(a, i), Lgo (¥, i) are the peak luminance of the secondary image in the azimuth and
elevation respectively.
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d) Calculate the elevation deviation Aa(i) (Aa(i) = | apr(i) — age(i) | ) of the peak luminance for

the secondary image apart from the primary image, and the azimuth deviation A ¥(i) (A¥(i) =
|S”pr(i) — ¥.o(i)|) of the peak luminance for the secondary image apart from the primary image

at the point P, (i = 0 to 8).
8.3.4.5 Report
The following information shall be noted in the report:

— positions of the measuring points;

— pixel number of the width of the crosshair lines;
— i
— the luminance ratio, LR(i), of a secondary image at the point P; (i = 0 to 8);

ght measuring device (LMD);

— the location of the secondary image with the elevation deviation Aa(i) and azimuth devjation
A (i) at the point P; (i = O to 8) relative to the primary image.

8.3.5 Flicker
8.3.5}1 General

The purpose of this method is to determine the temporal luminance modulation of the \irtual
image for AR type eyewear displays. Subclause 8.3.5 focuses'only on the flicker caused hy the
AR tylpe.

NOTE| This document excludes the effects from networks, sensorsy and additional signal processors.
8.3.5|2 Measuring conditions
The fpllowing measuring conditions apply:

a) Setup: as specified in 5.2.

b) Apparatus: an LMD with the following characteristics to record the temporal luminance jwave
as$ a function of time:

o [ CIE photopic vision spéectral response,

e [ capable of producing,a linear response to rapid changes in luminance,
o | frequency response: higher than 1 kHz,

o [ field angle of\measurement: less than 5°,

o [ the LMD shall be dark field (zero) corrected.

c) Ambient‘condition: dark-room illumination;

d) Measuring points: the centre point (1 point) or the multi-point (5 points or 9 ppints)
measurements are applied, and they shall be specified by the manufacturer or the sugplier.

e) Test patterns: full screen solid white and colour patterns as shown in 7.3.
8.3.5.3 Measuring procedure
Proceed as follows:

a) Set the DUT under the standard measuring conditions.
b) Apply the test pattern.

c) Measure the luminance as a function of time L(z) at the centre of the measurement area,
using the LMD.

8.3.5.4 Flicker calculation

Proceed as follows:
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a) Perform a Fourier transform with the array of data L(z), to acquire the power spectrum P(F).

b) Weight the power spectrum P(F) with the temporal contrast sensitivity function (7T¢gf)
(see Figure 8 and Table 2, to obtain the perceptive power spectrum P'(F)).

c) Transform P'(F) to the luminance as a function of time L'(r) with the inverse Fourier
transform.

Table 2 — Temporal contrast sensitivity function

Frequency Contrast Frequency Contrast
sensitivity sensitivity
tHz) %) tHz) %)
1,6 17,8 19,8 78,8
2,7 17,9 24 59,8
4,0 32,9 28 29,9
5,1 45,3 32 23,0
6,8 50,3 40 5,89
8,8 72,5 54 1,23
10,7 96,7 64 0,79
12,7 101,5 75 0,60
16,2 91,3
1

2

= 0,1

.‘5

c

]

@

o

3\.0001

O

0
1 10 100
Temporal frequency (Hz)
IEC
Figure 8 — Temporal contrast sensitivity function

d) Subsequently, calculate the flicker modulation amplitude 4Ag,:
1) Determine the main flicker frequency f, from the maximum of P'(F).
2) Determine the flicker modulation amplitude 4y, in per cent from L'(¢) as follows:

i) obtain the average luminance, L'y, the maximum luminance L', and the
minimum luminance L', of L(¢);
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ii) calculate A, as follows:

— L

Y =[L’“az,—m"‘jx1oo (18)

ave

where
Apym  is the flicker modulation amplitude, expressed in per cent.

8.3.5.5 Report

8.4
8.4.1 See-through FOV

8.4.1|1 General

measuring point position;

tegst pattern;
tegmporal CSF used for filtering the recorded luminance;

minimum luminance (L'y,;,), maximum luminance (L',5,), and average Juminance (L'y,) of
the filtered temporal luminance [L'(2)];

fl

icker modulation amplitude (4gy;), and its main modulation freguency fy,.

Parameters related to see-through real scene

The gurpose of the method is to measure the FO\ 'of the real scene which can be seen thfough
AR type eyewear displays, which could be shadowed by DUT devices, such as the glass ffame,
the edges of the optical combiner. TheyCriteria are based on luminous transmittance,
chromaticity, and Michelson contrast, which shall be specified by the manufacturer dr the

supplier.

The ¢uter boundary of the see-through FOV can be determined according to the DUT [outer
frame size and design eye point'provided by the manufacturer or the supplier.; The shadowed
area within the outer boundary;FOV can be determined by the following measurement mgthod.

8.4.1{2 Measuring-conditions

a)
b)

btup: the conditions in 5.2.3 and 5.2.4 shall be applied.

S
Ambient background: the full-field background as in 6.2 shall be applied for the criteria
based onuminous transmittance and chromaticity.

Real teSttargets: the raster pattern targets as in 6.3 shall be applied for the criteria ased
on Michelson contrast.

A o v v n A v v V- The
entrance pupil of the luminance meter is set at the eye point of the DUT. In the case of a
larger see-through FOV, the pivoting point of the LMD which is at 10 mm behind the entrance
pupil can be used, instead of the pivoting point to match the entrance pupil of the LMD.

NOTE The real target for Michelson contrast is either physically made or is a display that meets the minimum
Nyquist frequency such that there are no image artifacts which occur.

8.4.1.3 Measuring procedures

a)

For the see-through FOV with the criteria based on luminous transmittance, the measurement
shall be performed as follows.

1) Set the ambient background to cover the whole see-through FOV of the DUT and adjust
the entrance pupil of the LMD to match with the eye point of the DUT. The LMD is
adjusted to focus on the virtual image distance. The DUT is applied with the full black
pattern.


https://iecnorm.com/api/?name=6a444e9d50bce6feb752fa12f09836d8

IEC 6

2)

3)

4)
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Set the rotation centre of the biaxial goniometer at the entrance pupil of the LMD or 10
mm behind the entrance pupil, then align the measurement direction with the optical axis
of the DUT and measure the luminous transmittance at the centre as in 8.2.

Turn the LMD in the azimuth from the centre toward the left or right end of the outer
boundary horizontally (keep the elevation angle, a« = 0), and measure the luminous
transmittance step by step at intervals of a given angle provided by the manufacturer or
the supplier. Record the luminous transmittance, 7(i ) and 7(ig), at each horizontal

angle, ¥(i ) and P(iR).

Turn the LMD in the elevation from the centre toward the top or bottom vertically (keep
the azimuth angle, ¥ = 0), and measure the luminous transmittance step by step at
i i i ] d the
luminous transmittance, 7(i1) and T(ig), at each vertical angle, a(it) and a(ig).

Turn the LMD both in the azimuth and elevation from the centre toward the top-left corner,
bottom-right corner, top-right corner or bottom-left corner in the diagonal\difection, and
measure the luminous transmittance step by step at intervals of a given angle proyided
by the manufacturer or the supplier. Record the luminous transmittance, 7(it ) and

T(igr), T(ir) and T(ig ), at each horizontal and vertical angles for&ach direction, (#(it),
a(it.)) and (P(igr), @(igr)), as well as (¥(itr), a(itr)) and (¥lgl), a(ig))-
If necessary, turn the LMD in the other directions from-the centre toward the jouter

boundary, and measure the luminous transmittance at each-horizontal and vertical apgles
step by step.

b) For the see-through FOV with the criteria based on chromaticity, the measurement shall be

t

piarformed as specified in the above method to méasure the chromaticity from the centre

ward the outer boundary and to calculate the DUT see-through FOV with the chromaticity

iteria, instead of the luminance.

c) For the see-through FOV with the criteria based on the Michelson contrast] the

measurement shall be performed at the angles from centre to the outer boundary of thg see-

rough FOV as follows.

Set the real test target as in 6.3 at a distance provided by the manufacturer gr the
supplier (if not, the virtual image distance can be applied), and adjust the entrance|pupil
of the 2D imaging LMD toimatch with the eye point of the DUT (see Figure 4).

Adjust the LMD to fogus-on the centre of the see-through real test target. The dentre
normal of the test target is aligned with the optical axis of the LMD.

Measure the luminance profile of the raster real target without the DUT, and|then
calculate the-Michelson contrast of direct viewing in accordance with the formdila in
IEC 63145-20-20:2019, 6.5.3.

Mount the>DUT on the biaxial goniometer, keeping the LMD and real test farget
stationary. Adjust the rotation centre of the biaxial goniometer at the entrance pupil of
the.EMD or 10 mm behind the entrance pupil.

Align the optical axis of the DUT to coincide with the measurement direction of the LMD,

monciira thao himinaneca neafila and ~alaylats tha Micrhaloan nantract in an~Ardan~d Wlth

7)

oo uTrct oo o c o P T o e o torc oot o o v T C T e Tro O T Ot ot T a o OT T oo

the formula in IEC 63145-20-20:2019, 6.5.3, with the correction of the Michelson
contrast of direct viewing.

Rotate the DUT to align the direction of the 2D imaging LMD from the centre toward the
outer boundary (edges and corners) of the DUT see-through FOV using the biaxial
goniometer. The rotation directions are same as those specified in the above method
with the luminance criteria, then measure the luminance profiles at each angle and
calculate the Michelson contrast step by step at intervals of a given angle provided by
the manufacturer or the supplier in all directions.

Repeat for the other ocular, if applicable.

An example of the DUT see-through FOV is shown in Figure 9 based on the Michelson contrast

meas

urement.
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Figure 9 — Example of the see-through FOV

In Figure 9, “V” represents the vertical direction measurement, and tH>represents the horizontal
directfion measurement, “C2”, and “C1” are the diagonal measurements from top left corper to

bottom right corner, and top right corner to bottom left corner,‘réspectively.

NOTE| The see-through FOV with criteria based on luminance or chromaticity uses the DUT rotating method

8.4.114 Calculation

The angles of the horizontal FOV 4, and vertical’)FOV 4,, the angles of the diagonal FO) 4,
from top-left to bottom-right and diagonal FOV<4 4, from top-right to bottom-left, and aveftaged
anglg of the diagonal FOV 4, shall be calculated as specified in IEC 63145-20-10:2019, 6.7.3,

to determine the boundary of the see-through FOV and the shadowed area if applicable.

8.4.1|5 Report

The following information for-the boundary of the see-through FOV, and the shadowed|area

within the whole FOV (if applicable), respectively, shall be reported:

angles of the horizontal see-through FOV 4,, and vertical see-through FOV 4,;
ayeraged angle of'the diagonal see-through FOV 4;

angles of the diagonal see-through FOV 444 from top-left to bottom-right and diagonal FOV
Ao from-top-right to bottom-left;

direction of the four corners (Y7, at.), (Ygr 2BR): (P1R aTR) @nd (¥g. agL);

direction of the four edges (¥, a|), (YR, ar), (¥1. a1) and (¥g, ag);
if a shadowed area exists, report the outer boundaries of the shadowed area;

if the boundaries of the FOV are not found, report the range of FOV angles in the
measurement that is more than that of the measurement of the FOV range;

type of criteria (Michelson contrast, luminous transmittance or chromaticity) and criteria
limit;

condition of real test target when Michelson contrast is used (angular period, scene
distance);

eye point (eye relief), and the position of the z-axis;

type of LMD, pivoting point, and entrance pupil size;

ambient background illumination as the luminance level and the illuminant (relative spectral
power distribution);
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8.4.2

8.4.2.

—29_

accuracy of sample stage; and
correction methods for the measurement, if possible.

Variations in luminance and chromaticity of see-through real scenes

1 General

The purpose of this method is to measure the variations in luminance and chromaticity of the
real scene in the background at different orientations of an AR type eyewear display. The see-
through FOV of the DUT shall be provided by the manufacturer or supplier. The luminance and
relative spectral power distribution as CIE Illuminant A, D65, D50, etc., for the scene

backg
[umi
(6 50

8.4.2
a) S
b) U

di

c) Li
is|
IE
p

@

nant A (2 856 K) for indoor applications, and 1 500 cd m~2 and CIE lllumipant
D K) for outdoor applications can be applied.

2 Measuring conditions

ptup: the conditions in 5.2.3 and 5.2.4 shall be applied.

hiform source target: an integrating sphere or a flat source with wniform light outp

specified in 6.2 shall be applied. The dimension (or subtense~angle at a measure

stance) of the uniform source should be specified by the manufacturer or supplier.
ght measuring devices (LMDs): a spectral radiance metershall be applied. The meter

b¢ focused on a distance which is provided by the manufactdrer or supplier. If the dis

not provided, then the distance of the virtual image ccan be applied. The requireme
C 63145-20-10 shall be referred to. The entrance_pupil of the LMD shall be set at th
bint of the DUT.

d) M

a

asuring points: the locations of measuring poeints in Figure 10 can be applied, wh
d 4, are the horizontal size and vertical size”of the real scene FOV, respectively.
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\
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Figure 10 — Measuring points of the real scene (origin at the centre B,
corresponding to the optical axis of the DUT)


https://iecnorm.com/api/?name=6a444e9d50bce6feb752fa12f09836d8

- 30 - IEC 63145-22-20:2024 © |EC 2024

8.4.2.3 Measuring procedures

a)
b)

c)
d)

e)

f)
g)

h)

8.4.2{4 Calculation

a)

Set the DUT and turn off the virtual image of the DUT.

Set the uniform source target at the real scene distance and turn it on until it is stable in the
light output.

Align the LMD perpendicular to the centre of the uniform source target.

Pivot the LMD together with the source target, or the DUT at the eye point, towards point B;
(i = 0 to 8) in the direction (¥;, a;) as shown in Figure 10.

Il

Measure the spectral radiance of the uniform source target at point B; in the see-through
candition, Lase-po(d. i)

|=awy

Repeat d) to e) for the measurements of other points.

Remove the DUT, and then directly measure the spectral radiance of the unjform spurce
target, Lamp, o (4)-
The spectral transmittance 7(4, i) at the point B, (i = 0 to 8) for the DUTCan be obtainpd by
the formula T(/l, l) = LAmb,DUT(’l’ l) /LAmb,O(’l)

For a binocular AR type eyewear display, repeat steps a) to h)~tordetermine the spegctral
transmittance of another ocular, if applicable.

The luminance Level Ly and relative spectral distribution)sS(1) of the real scene target|shall
bé provided by the manufacturer or supplier.

NOTE| CIE llluminant A, D65 or D50 is usually used for the relative spectral distribution, S(1), (refer to 8.4.2.1).

b)

The percentage variation of luminance of<the see-through real scene, i.e. lumjnous
transmittance of the DUT for the real scene’target, can be determined as follows.

1] The luminance of the see-through reatl scene at the point B, (i = 0 to 8) is calculatgd as

follows:
780
I{1)=683- ) T(4i) Lg(A)-V(4)- AL (19)
380
where
L(i) is‘the luminance of the see-through real scene at the point B, (i = 0 to 8);

Lg(4)-\_is the spectral radiance distribution of the real scene illumination;

V(4) is the CIE standard spectral luminous efficiency function for photopic visiop;

A is the spectral interval of the calculation
Lg(1) = ——a5¢)
(20)
683- > S(A) V(1) AL
380

2) The luminous transmittance (percentage variation of luminance) at the point B;
(i = 0 to 8) is calculated as follows:

CL(i):ﬂﬁOO (21)

S
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where
CL(i) is the luminous transmittance at the point B; (i = 0 to 8), expressed in per cent.

3) The averaged luminous transmittance of the real scene in the see-through condition, C
is calculated as follows.

av’

Cav =g 2. CL0) (22)

c) Chromaticity deviation is determined as follows.

1] The chromaticity coordinates, x(i), y(i) and z(i) (i.e. 1 - x(i) - y(i)) of the real\scene at|point
B, (i = 0 to 8) in the see-through condition, can be calculated as follows:

_X()
X@E)+Y(@E)+ Z(i)
Y(i)
X@)+Y(@)+Z(©iQ)

x(i)
(23)

wi) =

780

X(i)=683- " T(i)- L§AYX(A)- AL
380
780

Y(i) =683 > T(&i)- Ls(2)- ¥(4)- Al (24)
380
780

Z(i)= 683D T(4i)- Lg(2)-Z(A)- AL
380

where
X(0), Y(i), Z(7) are the tristimulus values of CIE 1931 of the real scene at the
point B; (i = 0 to 8);
x(A1), y(1),.€Q1) are the CIE colour-matching functions adapted by CIE (1931
(see ISO/CIE 11664-1).

2] The CIE)1976 chromaticity coordinates u'(i), v'(i) are calculated from the CIE [1931
chromaticity coordinates x(i), y(i) (see ISO/CIE 11664-5).

4x(i)
=2X()F 127G+ 3

V(i) = (i)
—2x(i)+12y(i)+ 3

u'(i)=

(25)

where

u'(i), v'(i) are the CIE 1976 chromaticity coordinates of the real scene target with the
DUT at the point B, (i = 0 to 8).
3) The CIE 1976 chromaticity coordinates of the real scene target without the DUT, u',(i),
v'o(7), at each point B, (i = 0 to 8) are calculated using analogous relations to Formula
(23), Formula (25) and the following formula:
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780

Xo(i)=683- > Ly(1)-X(1)- AL
380
780

Yo(i)=683- > Ls(1)- ¥(2)- AL
380
780

Zo(i)=683- " Ls(1)-Z(1)- AL
380

where
Xo(i), Yo(i), Z,(i) are the tristimulus values of CIE 1931 of the real scene target'w
the DUT at the point B; (i = 0 to 8).

Use the CIE 1976 chromaticity coordinates u'(i), v'(i) at each point-B;'(i = 0 to
determine the chromaticity deviation using the following formula.

Ay () = (')~ i) + ()0 0)?

where

u's(i), v'o(i) are the CIE 1976 chromaticity coordinates of the real scene target w
the DUT at the point B; (i = 0 to%8).

The averaged chromaticity deviation is obtained as follows:

(Au'yhyy = ZAu v'

d) Repeat for another ocular; if*applicable.

8.4.2(5

Report

The fpllowing information should be reported:

— mieasuring points;

— luminance-level and relative spectral distribution of the real scene;

— luminance of each point B;, and averaged luminance variation;

— eye point (eye relief);

— type of LMD and the aperture size;

— dimension of the uniform source target and the measurement distance;

— accuracy of sample stage; and

— correction methods for the measurement, if necessary.

8.4.3
8.4.3.1

Real rectangular scene distortion

General

2024

(26)

thout

8) to

(27)

thout

(28)

The purpose of this method is to determine the real scene distortion produced by the optics of
AR type eyewear displays for a real scene. The real rectangular scene distortion is applied to
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describe the position (direction) distortion of the target points appearing in the see-through
scene from that in the real world.

8.4.3
The f

.2 Measuring conditions

ollowing measuring conditions apply:

a) Stage and setup conditions: as in 5.2.3 and 5.2.4.

b) Light measuring device (LMD): a 2D imaging meter that can capture the crosshair pattern
of the real scene target. The requirements in IEC 63145-20-10 and IEC 63145-20-20 shall be
referred to. The entrance pupil of the LMD is set at the eye point of the DUT. In the case of

e
c) D
d) R

g9
e) M

8.4.3
a) S

m|
b) A
c) S

F
d) P

e) C
fy C

8.4.3

a'“arger see-through FOV, the pivoting point of the LMD which iIs located 10 mm benin

trance pupil can be used, instead of the entrance pupil to match the eye point ofithe
brk room conditions: as in 4.4.

cal scene target: a crosshair pattern target as in 6.4 shall be applied,(for examy

rgcommended line width of 1/15° to 1/30°, or a line length of no more than’0,5° angle
tdrget illumination should avoid using polarized light, such as the lcrosshair pa

bnerated by an LCD screen.
[easuring points: 9 points as shown in Figure 10 are applied. The rectangular sceng

(4 and 4,) shall be provided by the manufacturer or the supplier.

3 Measuring procedures

bt the crosshair pattern target at the measurement distance, which is provided b
anufacturer or the supplier (if not, the virtual image, distance can be applied).

ign the LMD perpendicular to the crosshair pattern target and point to the cross-pad

the pattern target.

bt the DUT and turn off the internal virtuallimage, adjust the optical axis of the DUT

consistent with the optical axis of the LMD (i.e. the LMD points to B, of the see-th

DV).
vot the LMD together with the crosshair target, or rotate the DUT around the pivoting

of the LMD, towards point B; (i =0 to 8) in the direction (¥, «;) as shown in Figure 10

bpture the image of the cresshair pattern target.
blculate the position deviation (A, Aa;) of the cross-point in the crosshair pattern i

af the point B; (i = 1te.8)

4 Calculation

The rectangulariscene distortion is determined as follows:

a) H

prizontal distortion Dy, expressed in per cent;

d the
DUT.

le, a
The
ttern

FOV

y the

int of

to be
ough

point

mage

(Ag/2+ AY’3 —A% —AW4)—2(A916 —ABIIS)
Z(ASUG +l‘I/6 —ATS —Yjs)

Dy = x100

b) Vertical distortion D,, expressed in per cent;

D, - (Aoy+ Aoy — Aag — Aoy ) — 2(Aag — Aaz) <100
Z(A(ZS + (15 — Aa7 — a7 )

(29)

(30)
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Report

An example of the real scene distortion is shown in Table 3. The rectangular scene FOV with
A4, = 40° and 4, = 40° is applied in the distortion measurement.

Table 3 — Example of the angle deviation of the 9 points and the distortions

Points B, B, B, B, B, B, B, B,
v -16 16 16 -16 0,16 16 0 -16

a 16 16 -16 -16 16 0 -16 -0
AP 0,011 0,583 0,545 0,011 0,006 0,588 0,008 0,126
A -0,022 0,236 0,038 -0,022 -0,016 | -0,297 -0,022 0,052

HoriZontal distortion: D, = 0,55 %

Vertigal distortion: D, = 0,58 %

Unit:|degree

The fpllowing information should be reported:

8.4.4
8.4.41

rgctangular scene FOV (4, and 4,), and coordinates of measuring points;
rgal scene target;

position deviation (A¥, Aa;) of each crosshair i, (i7.0 to 8);

horizontal distortion and vertical distortion;

eye point (eye relief);

type of LMD, the pivoting point, and the entrance pupil size;

a¢curacy of sample stage; and

correction methods for the measurement, if possible.
Real local geometric. distortion

General

The gurpose of this method is to determine the local geometric distortion produced by the gptics
of AR type eyewear'displays for a real scene. This method indicates the level of displacgment
of a gee-through<imadge to its real position over the real scene FOV (4,, and 4,)) which is given

by the manufacturer or the supplier.

8.4.4{2

Measuring conditions

The folfowing measuring conditions appty:

a)

b)

d)

Rotating stages: a five-axis goniometer target as in 5.2.3 for mounting the LMD to perform
an angular scan over the real scene, and a biaxial goniometer for mounting the DUT to
achieve an equivalent angle of the eye gaze.

Light measuring device (LMD): a 2D imaging meter that can capture the image of the real
scene target. The LMD should have at least 5 pixels in the orthogonal directions to
accurately resolve the centroid of the real scene target. The entrance pupil of the LMD is
set at the eye point of the DUT. In the case of a larger see-through FOV, the pivoting point
of the LMD which is located 10 mm behind the entrance pupil can be used, instead of the
entrance pupil to match the eye point of the DUT.

Dark room conditions: as in 4.4.

Real scene target: a crosshair target as in 6.4, or a white circular dot target on a black
background shall be applied. For example, a line width of 1/15° to 1/30° and its length of no


https://iecnorm.com/api/?name=6a444e9d50bce6feb752fa12f09836d8
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